Tax credits are a popular way to alleviate in-work poverty. A common empirical assumption is that the benefit of the tax credit is borne solely by the claimant workers. However, economic theory suggests no particular reason why this should be the case. This paper investigates the impact of the Working Families' Tax Credit, introduced in the UK in 1999, on wages. Unlike similar tax credit policies, this tax credit was paid through employers rather than directly to workers, making it more salient to the employer. Using a novel identification strategy, we can separately identify the effect on wages associated with an increase in the amount of tax credit and that associated with the change in salience. We find evidence that: (1) through the salience mechanism the firm cuts the wage of claimant workers relative to similarly skilled nonclaimants by 30 percent of the tax credit, which is approximately 7 percent of the wage, and (2) there is a negative spillover effect onto the wages of claimant and nonclaimant workers of 1 7 percent, which is approximately 8 percent of the tax credit for claimant workers.
Introduction
Traditional welfare policy often struggles to provide support for low-income families without creating distortions in the labor market. The introduction of the Working Families' Tax Credit (WFTC) in the UK in October 1999, which replaced Family Credit, sought to help working families. WFTC aimed to alleviate poverty at the lower end of the wage distribution, reduce income inequality, and redistribute income by reducing the dispersion of earnings. Unlike similar tax credit policies in different countries, such as the Earned Income Tax Credit (EITC) in the United States and the Self-Sufficiency Program in Canada, the WFTC was paid through employers rather than directly to workers. The motivation for payment through the wage packet was to make the tax credit more convenient to distribute and to reduce the stigma attached to receiving tax credits in the form of a welfare benefit, which could also then increase its take-up rate. However, payment in this way gave employers complete information about which employees were claiming and how much WFTC they were receiving, thus making it more salient to the employers.
The policy change in the UK from Family Credit to WFTC had two important components. First, the amount of the tax credit was increased. Second, the tax credit was paid through employers rather than directly to workers. It is typically assumed that the incidence of the tax credit is solely on the claimant worker. That is, it is assumed that the worker receives the full tax credit; however, this is unlikely to be the case-it is more likely that the employers share in the gains from the tax credit. It can be shown with a simple general equilibrium model that the eligible employee and the employer can share the incidence of the increased tax credit and that a spillover effect onto noneligible workers can occur. Moreover, the increased visibility of the tax credit can be exploited to identify a channel through which the incidence of the tax credit can be shared, even in the absence of a change in the amount of tax credit paid.
In this paper, we propose an approach to estimate the direct effect of the tax credit on the wage of eligible workers, as well as the indirect (i.e., spillover) effect on similarly skilled noneligible workers. We separately identify the effect on wages associated an increase in the amount of tax credit and the effect associated with a change in salience. Interestingly, we find that while the change in the amount of tax credit received by families has virtually no effect on wages, the increased visibility has a strong effect on wages, such that there is a shift in the incidence of the tax credit through the salience mechanism. We find, first, that the employer cuts the wage of the eligible (male) worker relative to a similarly skilled noneligible worker, allowing the employer to extract 38 percent of the WFTC gains-30 percent directly and 8 percent via a "spillover." Second, we find that there is a negative spillover effect of WFTC onto the wages of comparable workers, resulting in as much as 1 7 percent decrease.
Traditionally, the literature has focused on the financial incentives for the recipient created by taxes and subsidies. Leigh (2009) and Rothstein (2010) investigated the impact of increased labor supply resulting from changes in the EITC in the US on the equilibrium wage. Using variation across states in EITC supplements, Leigh (2009) finds that a 10 percent increase in the generosity of EITC is associated with a 4 percent decrease in the wages of high school dropouts and a 2 percent decrease in the wages of college graduates. Rothstein (2010) uses variation across the wage distribution in the implementations of the mid-1990s federal EITC expansion and finds that low-skilled mothers kept only 70 percent of every dollar they received under the EITC. Unlike the EITC, an interesting feature of the WFTC in the UK is the payment through employers rather than directly to workers, which allows the employer to have information on the amount of subsidy received. In the US, the employer is not responsible for income-tax filing on behalf of employees, so the EITC is not visible to the employer.
Recent research has highlighted that the salience and transparency of tax incidence may matter as much as, if not more than, the financial incentives alone. For example, in an experiment to test whether people underreact to sales taxes, Chetty, Looney, and Kroft (2009) showed that by posting price tags with the tax-inclusive price below the original pretax price tag, demand decreases by 8 percent. Finkelstein (2009) analyzed how tolls change after toll facilities adopt electronic collection, such that drivers are less aware of tolls. She finds that tolls are as much as 40 percent higher than they would have been without the electronic method. With regard to tax credit salience, a recent experiment by Chetty and Saez (2013) shows that when providing recipients with information about the work incentives of the EITC, there was a significant effect on earnings. In another (field) experiment on the EITC, Jones (2010) found that reducing informational costs regarding Advance EITC, which allows EITC recipients to receive a portion of the credit early-in incremental payments in each paycheck during the tax year instead of in a one-time EITC payment-does little to increase participation in the program. While most of the salience literature focuses on the recipient, in this paper, the distinctive nature of this policy allows us to focus on the change in salience from the employer's perspective. Tax credits existed in the UK before WFTC, but they were paid, like the EITC, directly to the recipient. The change in payment method allows us to investigate the impact on employers' behavior.
The empirical strategy in this paper uses the eligibility criteria based on multiple household characteristics to create an accurate comparison group. A counterfactual wage for each worker is constructed using a rich set of worker characteristics prior to implementation of the WFTC. We adjust for changes in common trends, such as changes in the average earnings and general inflation, to measure the direct effect of WFTC on eligible workers and the spillover effect on all workers (eligible and noneligible) as the deviations from their effective wages with respect to their predicted wage. To estimate the indirect effect of WFTC on all similar workers, we measure the change in wages for workers in different education (industry) groups, where we weight each group by the average amount of WFTC that workers in those groups are eligible for and the fraction of eligible employees. In addition, we use the change in generosity from the previous policy, Family Credit, to understand the mechanism behind sharing the tax credit incidence. Family Credit differed from WFTC in terms of generosity and the method through which is was paid, however, it was similar to WFTC in terms of the eligibility criteria, such as being contingent on working a certain number of hours and on the presence of children.
Our analysis of the effects of the tax credit considers both, men and women. Traditionally, the tax credit literature focused mostly on women, and in particular, single women (see, for instance, Eissa and Liebman (1996) for the US and Blundell, Duncan, McCrae, and Meghir (2000) ; Francesconi and van der Klaauw (2007) for the UK). However, institutional structure of WFTC specified that either parent could claim the tax credit through his or her employer. Given that fathers were as likely as mothers (if not more likely) to claim the tax credit through their employer, it is relevant for us to include men in the analysis. In addition, the policy's labor supply impact has been shown to be different for men and women. While the policy resulted in a labor supply increase only for single mothers, with no overall effect on married mothers (but it may increase or decrease depending on partners' employment status), there was a small and negligible negative effect on the labor supply of fathers (for studies on labor supply effects on single parents; see Blundell et al. (2000) , Gregg and Harkness (2003) , Brewer, Duncan, Shephard, and Suarez (2006) , Francesconi and van der Klaauw (2007) , Leigh (2007) , Smith (2009), Azmat (2014) , Shephard (2017) ). For studies on married couples, see Blundell et al. (2000) , Blundell (2001) , Blundell and Hoynes (2004) , Francesconi, Rainer, and van der Klaauw (2009), Shephard (2017) ). In the analysis, we look separately by marital status of men and women. Finally, Azmat (2014) showed that there are no significant effects of the policy on the inactivity-activity margin for women and only very modest effects on the employment-unemployment margin.
The results in the paper have important policy implications. In particular, they imply that there is a significant shift in the burden of tax credits and that it is the salience of the tax credit-not the change in its amount-that is important for this shift in incidence. This is of critical policy importance, as we can no longer assume that the effects of the tax credit are concentrated on the beneficiary. Moreover, the method by which tax credits are distributed will have important consequences. These results are central to our understanding of the consequences of the expansion, application, and generosity of tax credits.
Analytical and institutional framework
In this section, we discuss how in a simple market economy, with and without worker heterogeneity, and in an imperfect competition economy there are likely to be shifts in the burden of the tax credit away from the eligible employee. Moreover, the salience of the tax credit is likely to play an important role. There are two important findings from both settings that can be empirically tested: first, there is a direct effect on the wages of those eligible; second, there is an indirect effect on eligible and noneligible workers.
Analytical framework
Typically, discussions of tax credits presume that the incidence of the tax credit is entirely on workers. However, this is unlikely to be the case. When studying the economics of taxation for goods, a basic result is that the economic incidence of the tax is not necessarily the same as the statutory incidence. In particular, the economic incidence will depend on the elasticities of supply and demand for the good being taxed. We might expect this to be the case for tax credits as well. To model some degree of partial incidence of the tax credit on wages, it would be necessary that both, eligible workers and employers have some degree of bargaining power over wages. Moreover, since tax credit recipients typically compete in the same labor market as others who are not eligible for the tax credit, we might observe spillovers on noneligible workers. This would be the case if there is some degree of substitutability between eligible and noneligible workers. There are a number of models that incorporate these features and help us understand the empirical setting and the results. 1 Even in a simple economy setting, assuming that workers are perfect substitutes and the law of one wage holds, if we extend the simple tax incidence model and allow for some workers to be eligible for a tax credit and others not, we would expect that the tax credit, as is the case for taxes, would create a distortion. Computing the equilibrium labor demand and supply, we would expect that a change in tax credit will affect wages. In particular, depending on the proportion of eligible workers, the larger the labor supply elasticity of the eligible group and the more elastic the labor demand, the larger the shift in the subsidy from the worker to the employer. In equilibrium, firms would be indifferent between hiring an eligible and an ineligible worker, such that the direct incidence effect and the spillover effects would be the same for eligible and noneligible workers. Empirically, the presence of bargaining or other frictions may entail that a firm treats an eligible or a noneligible worker differently. We discuss this in more detail later in the section. Harberger's (1962) general equilibrium analysis derived the burden of a tax on capital in one sector. Azmat (2012) adapted the Harberger model to show the general equilibrium effect of a tax credit on input compensation in a one-sector model that uses two different types of labor to produce one good. More specifically, extending the simple model described above to allow for worker heterogeneity, where heterogeneity is based on eligibility criteria, it is shown that there exist wage effects of a tax credit on both the eligible and noneligible groups. Namely, a direct effect of a change in the tax credit on the wages of eligible workers, which, as in the simple case, would be a result of bargaining between employer and worker in the incidence of the tax credit. In addition, there exists an indirect (spillover) effect on the wages of noneligible workers, where the magnitude of the wage effect on this group, relative to the eligible group, depends on the level of substitutability between the two groups as well as the proportion of the groups.
While the direct effect is the result of the individual bargaining between the firm and the worker, the indirect effects are equilibrium effects and do not rely on any specific form of wage-setting and could be the result of a wage-posting model. For example, incorporating some of the above features, Shephard (2017) used a wage-posting search model with frictions (á la Burdett and Mortensen (1998) ) to show that if firms set wages and if eligible workers respond the reform by increasing labor supply, firms may respond by lowering wage offers. In which case, the effective transfer to eligible families is reduced, while noneligible families may become worse off if they are competing within the same labor market. Even in a partial equilibrium monopsony, following Manning (2003) , it can be shown that the gross wage of a tax-credit claimant will fall, and in the general equilibrium setting, a revenue-neutral increase in tax progressivity reduces the average wage the employer pays.
The visibility of the tax credit is likely to play an important role in the shift in tax credit incidence. If the employer has some information/knowledge about which of her workers is eligible for the tax credit and there is some degree of individual wage bargaining between the firm and each given worker, wages can react to the tax credit that the employer infers and that the worker receives. If the tax credit is paid through the employer, the employer can see clearly if the worker is claiming (and how much she is receiving) rather than inferring it when it is paid by the state. 2 These bargaining effects may be the results of a rational response or of a behavioral response on the side of the employer or employee.
On the employer side, the employer may internalize that an eligible worker is unambiguously better off as a result of the tax credit. If we assume market frictions, we might expect that the employer will realize that if she cuts the worker's gross wage, the worker will not quit immediately. In turn, the employer can absorb part of the benefits of the tax credit by paying lower wages. In this case, we would expect two potential effects: first, the employer can cut the wage of the eligible worker, and/or second, she can average out the effect for all workers. 3 The second, indirect, effect is more relevant when workers within the same firm have very similar roles, for example, as the size of the firm increases, it is more common to have workers with the same job title. In Section 7, we show that there are differences depending on the size of the firm. Note that, while the visibility effect requires some degree of individual wage bargaining, the effects of tax generosity and the spillover effects can operate through direct wage posting.
In the absence of an employer making optimization errors when setting the wages of eligible and noneligible workers, there may be other rational or behavioral responses that could explain a shift in tax credit incidence. For example, in terms of a behavioral response, while an employer may not find it fair to "steal" a subsidy the government is paying directly to the worker as a welfare payment, the employer may find it fair to "share" a subsidy the government is paying to the firm to help the firm pay the employee. In this case, the method of payment might make a difference in their response. However, there are still potential rational responses that might be a consequence of asymmetric information. If, for example, the employer approximately knows that the worker receives the tax credit but there is an asymmetric response on the side of workers (e.g., he or she would leave the firm if underpaid), then the cost of undershooting or overshooting with the incidence is also asymmetric. We might, therefore, expect employers to take a cautious approach before reducing wages. The noisier the signal is, the more cautious the approach of firms. By knowing exactly who receives the tax credit and the exact amount, we would expect the incidence effect to increase.
On the worker side, there may also be behavioral effects that would imply an effect of tax credits on wages. The most obvious response would that that the worker adapts labor supply. 4 However, there are other channels through which the worker might respond, even in the absence of a labor supply response. For instance, workers may perceive that their wages are higher if they are "topped up" with tax credits rather than receiving tax credits as a separate payment and this perception may induce them to accept a lower wage. With this in mind, there may potentially be a number of behavioral effects. For example, there may be reference points for what the worker considers an acceptable wage. When the tax credit is paid through the employer rather than directly to workers, workers might be willing to accept lower payments from the firm because the overall paycheck goes beyond those reference points. Moreover, if workers are behavioral, rational firms would react to this and would try to exploit these biases.
In summary, we have discussed how in various settings a tax credit has consequences for the wages of both eligible and noneligible workers. This is the case even 3 It is reasonable to assume that the employer cannot substitute eligible for noneligible workers because, given that the eligibility criteria are not "physically" apparent at the interview stage (only after they have been employed), the employer cannot prescreen workers and discriminate. 4 Empirically, the studies have found only small effects of WFTC on labor supply. See Brewer and Browne (2006) in a simple competitive framework, and we see that the effects persist even in a more realistic noncompetitive framework. Overall, we may expect that the tax credit will have a negative effect on the wages of both eligible and noneligible employees. In the subsequent sections, we will empirically investigate the effect of tax credits on wages.
Institutional framework
The Working Families' Tax Credit (WFTC), introduced in the UK in October 1999, was designed to target low-income families with an income supplement that was contingent on being employed. Although in-work cash benefits existed in the UK prior to 1999, WFTC was more generous and extended further up the income distribution. Compared with its predecessor, Family Credit, twice as many families became eligible under WFTC. The eligibility for WFTC and the amount received were based on four factors: family income being less than £92 90 per week; the presence of children in the household; a minimum of 16 hours of work in the family per week; and low household savings. If household income was above £92 90 per week, the maximum WFTC was reduced. In particular, the marginal deduction rate was 55 percent. That is, there was a reduction of £0 55 for each pound over £92 90. The maximum weekly rate of WFTC consisted of a credit for each child and a bonus if the claimant or his/her partner worked for 30 hours or more each week.
The government spent £5 billion per year on WFTC (which accounted for 1 5 percent of the government budget and 0 6 percent of the GDP in 2000). This was nearly £2 billion more than was spent under Family Credit. The increase in expenditure came from the increased credit per child (e.g., for children under 11 years old, it increased from £15 15 to £26 00); the threshold support increase from £80 65 per week to £92 90 per week; and there was a decrease in the marginal deduction rates from 70 percent to 55 percent, as described above. 6 In addition, the childcare cost changed from paying £60 (£100) for one child's (more than one child's) weekly childcare to paying 70 percent of childcare costs that account for weekly childcare costs up to a maximum of £135 for one child and £200 for two or more children. The policy parameters for the different years are shown in Table A .1 in the Online Supplemental Material (Azmat (2019) ).
The changes with respect to Family Credit implied that those who were previously receiving the maximum payment would see a small increase if they had children under the age of 11; those with a income between £80 65 and £92 90 per week would receive full tax credit support. Others would benefit from the decrease in the marginal deduction rate from 70 percent to 55 percent, and the largest cash gain would go to those who were previously just outside the eligibility bands. Figures A.1 to A.3 show the change in budget constraint from Family Credit to WFTC for different family types.
It is important to note, however, that the change in generosity of tax credits did not necessarily correspond to changes in income because of its interaction with other taxes and benefits. For example, the increase in income (for single mothers) was small for those who worked fewer than 25 hours a week because of the interaction between WFTC and the Housing Benefit (Blundell and Walker (2001) ). Shephard (2017) developed an equilibrium job search model and takes an integrated view of the UK tax system to study the effects of WFTC. The analysis shows that non-WFTC reforms, such as changes in income tax over the same period, which affected all workers, had only a very small effect on the labor supply, which is mostly concentrated on single parents. In the analysis, we look at the effect of WFTC separately for different subgroups. Another possible interaction is between WFTC and the national minimum wage, introduced in 1999. In the analysis, however, it imposes a lower bound below which the employer cannot cut the gross wage. We use the minimum wage as a point of censor when measuring the policy effectiveness.
The key characteristic for estimating the policy change was that the policy became salient to the employer. Moreover, unlike other transfers, WFTC became salient to the employer. As mentioned previously, the main difference between Family Credit and WFTC was that the WFTC payment was made through the employer rather than directly to the worker. This method appealed to the government because the payments became more convenient to distribute, and it reduced the "welfare benefit" stigma attached to the tax credit. From October 1999, the eligible claimant would apply for the tax credit from the Inland Revenue, which would work out the amount of tax credit payable. 7 The Inland Revenue would then notify the relevant employer of the amount of tax credit to be paid, and the employer would pay it out of the tax and National Insurance contribution that she would otherwise have forwarded to the Inland Revenue. This increased the visibility of the tax credit from the viewpoint of the employer. The sample includes men and women aged 21 to 60. Full-time students, the sick/disabled, and individuals in a government training program are omitted from the sample. In addition, to remove outliers, observations of gross hourly wages below £2 and above £60 are excluded, which excludes approximately 1 4 percent of the sample over the whole period. The hourly wage variable is corrected in two ways. To adjust for changes in common trends, we correct our wage variable quarterly for the changes in average earnings and general inflation using quarterly average earning indexes (AEI) and the retail price index (RPI) from the UK's Office of National Statistics.
The LFS contains information on benefit receipts, so we can identify those who are eligible for WFTC and those who say they claim it. We can also estimate the amount of benefit for which a household is eligible using data on household income, hours worked, and the presence of children (i.e., the eligibility criteria), all of which are included in the dataset. In addition, we can calculate-based on these characteristics-the difference in tax credit entitlement compared with Family Credit, the preexisting tax credit.
Identification strategy
In this section, we describe the strategy we use to identify the effect of WFTC on wages. In particular, we want to estimate the direct effect of WFTC on eligible workers and the indirect (i.e., spillover) effect on all similar workers. In addition, we want to separately identify the effect on wages that comes from a change in salience versus a change in generosity. We do this in two stages. First, we estimate a counterfactual wage, which is a prediction of the wage a worker would receive in the absence of WFTC. Second, we separately measure the direct effect of WFTC on eligible workers and the indirect effect on all workers.
We start by estimating a wage equation using data from the period preceding the introduction of WFTC. This is then used to predict future wages (i.e., to construct the counterfactual wage of those eligible for WFTC). This is described in detail in Section 5.1. Since the standard difference-in-difference approach is not feasible for estimating spillover effects, we employ a strategy that will allow us to estimate the direct, as well as indirect, policy effects.
In the policy evaluation literature, it is common to construct "treatment" and "control" groups from whose comparison we can measure policy effectiveness. In particular, the literature on tax credit policy evaluation compares people with children (i.e., "treatment" group) to those without (i.e., "control" group) and, quite commonly, single mothers with single women without children (see, for instance, Eissa and Liebman (1996) , Francesconi and van der Klaauw (2007) , Gregg and Harkness (2003) , Azmat (2014) ). Here, we use an alternative identification strategy. Since WFTC eligibility is multidimensional, we identify as "treated" the group that fulfills the eligibility criteria. Moreover, rather than using a simple treatment identifier, we construct a more flexible variable that allows for variation in the amount of WFTC for which a worker is eligible.
The eligibility for WFTC is based on the presence and number of children, household income, and hours of work in the household. The differences in the factors determine not only whether a household is eligible but also the size of their entitlement (i.e., how much the household is eligible for). If both members of the household are working, only one worker in the household can claim the WFTC through his or her employer.
The workers' counterfactual wage is constructed using their estimated pre-WFTC wage. Based on their characteristics, two workers can have the same predicted wage, but one may be eligible for WFTC when it is introduced while the other is not. We later show that eligible workers are similar in observable characteristics to noneligible workers with the same predicted wage. Note that the "frontier" between eligible and noneligible includes multiple dimensions and is a continuous treatment. This is richer than using the children criterion alone.
To estimate the direct effect of WFTC on eligible workers, we compare the wages of eligible and noneligible workers with the same predicted wage once WFTC is introduced. The predicted wage is corrected for average earning changes and general inflation using quarterly indexes from the UK's Office of National Statistics. Since we have quarterly data, we can look at wages in the narrow periods before and after the introduction of WFTC. We can then compare the relative wages before and after wage changes. Of course, a key consideration is that workers do not alter their behavior to become eligible if they were not previously. In particular, we find that they do not change their hours worked. 8 We address this further in Section 5.
Using information on the previous program, Family Credit, we can identify whether the effect is driven by a change in generosity or a change in visibility. We do this by estimating the change in generosity from Family Credit (the last levels when in operation) and WFTC. As a robustness check in Section 7, we conduct a "falsification" test by repeating this analysis on placebo treatments in years prior to the 1999 change to ensure that this relative difference was not there before the WFTC reform, when the tax credit was not salient to the employer. This also reassures us that the common trend assumption we impose holds on a sample outside our treatment period.
To estimate the indirect effect of WFTC on all similar workers, we categorize all workers into education and industry groups separately and identify the fraction of WFTCeligible workers in each group. This is described in detail in Section 5.1. We test whether an increase in the presence of eligible workers in a group leads to a change in the wage of all workers in that group.
Another important feature of our analysis is that we study the wage changes for both male and female workers. The institutional structure of WFTC specifies that either parent can claim the tax credit through his or her employer. Although, we cannot identify whom in the household claims-we calculate incidence for the respondent of the survey-the calculations are a lower bound for the actual incidence of the claimant. Given that in a coupled household, it is more likely that the male member of the household will work, and it is, therefore, more likely that he will be the tax credit claimant. There are other important reasons to study workers separately by gender, as well as marital status. While the policy resulted in small labor supply increases for single mother, there was no overall effect on married mothers and a small and negligible negative effect on the labor supply of fathers (see Blundell et al. (2000) , Gregg and Harkness (2003) , , Francesconi and van der Klaauw (2007) , Leigh (2007) , Gregg, Harkness, and Smith (2009), Azmat (2014) , Francesconi, Rainer, and van der Klaauw (2009), Shephard (2017) ).
Estimation strategy
In the previous section, we described the main features of the empirical analysis. We now proceed to the estimation strategy. We begin this section by describing the main specification and then describe the two stages of the analysis.
The main specification
We want to estimate the change in the (log) wage, W , over and above the wage that would have prevailed without the tax credit reform, that is, the "counterfactual" (log) wage, W C . In particular, we want to measure the direct effect of the introduction of the tax credit on the wage of the eligible; the indirect effect of the tax credit on all workers; and the effect on the wage that can be attributed to the change in generosity of the tax credit from its predecessor's. The latter variable allows us to understand whether increased salience, rather than increased generosity, explains (potential) wage changes because some workers will receive an increase in tax credit from Family Credit to WFTC and because others who previously were not eligible are now eligible. We use the variation in the change in the amount of tax credit using the last set of criteria for Family Credit before being abolished to capture the effect of a change in generosity with respect to WFTC.
We estimate the following for worker i:
The counterfactual wage, W C , is the wage that would prevail for worker i at time t in the absence of the tax credit, WFTC. We correct this wage variable for changes in average earnings and general inflation using quarterly indexes, t. In turn, we do not restrict β 1 to 1 to allow for additional flexibility in dealing with the aggregate evolution of wages. With adjustments for these trends, the coefficient is likely to be close to but not exactly one. Using the policy-eligibility criteria, we calculate the amount of WFTC a household is eligible for and use this to measure the direct effect of WFTC. We weight the WFTC variable by weekly household income, giving us a "WFTC-rate" (i.e., WFTC/weekly household income), which is a weighted non-linear variable. TC measures the change in the generosity from Family Credit to WFTC, also weighted by households' weekly income, where β 4 measures the intensive margin (increased payment for those moving from FC to WFTC). In principle, those effects that affect β 4 should be similar to those that affect β 2 , but the magnitudes may differ. This seems the most parsimonious specification, as the generosity term is in the same units as the saliency term, and hence, it should absorb the linear impact of generosity. The nature of these variable allows us to distinguish between the two important changes with regard to the WFTC: the change in generosity from Family Credit to WFTC, and the change in salience from payment as a welfare benefit to payment through the employer.
Since the amount of WFTC (and Family Credit) for which a household is eligible is computed using household income rather than the individual wage, we match earners within each household and then estimate the amount of WFTC the household is entitled to claim using the eligibility criteria. The weekly WFTC payment has three main parts: (1) a basic credit of £59 00 (one for each family); (2) a 30-hour tax credit bonus of £11 45 (where either worker in the couple works at least 30 hours per week); and (3) a tax credit of between £19 85 and £26 00 for each child, depending on their age, in the eligible household. 9 The payable WFTC is based on all the components added together to make a maximum credit. If household income is above £92 90 per week, the maximum WFTC is reduced. In particular, there is a reduction of £0 55 for each pound over £92 90. If income is below £92 90, the maximum WFTC is payable. In the analysis, we account for changes in the rates over the sample period. 10 Similarly, when computing TC , the change from Family Credit to WFTC, we use the eligibility criteria for each policy to compute the amount.
The indirect effect, or spillover effect, TC s , is a vector that includes the average entitlement of WFTC workers (weighted by the fraction of those eligible) in each education 9 The criteria also specify that the household should have low savings. The LFS does not report data on savings, so we cannot use savings in constructing the WFTC variable. However, because only 3 6 percent of couples and 2 7 percent of single parents report having savings over £5000 and no one on maximum awards reports having savings over £5000, this should not pose a problem (Inland Revenue Quarterly Enquiry (2001)). 10 The year-on-year changes in tax credit rates are incorporated when calculating WFTC. A summary of policy parameters (1999) (2000) (2001) (2002) can be found in Table A .1 of the Online Supplemental Material.
group and each industry group, separately, where β 3 measures this spillover. The analytical discussion in Section 2 suggests that as the elasticity of substitution between eligible and noneligible workers increases and/or as the fraction of eligible worker increases, there is a spillover effect onto the wages of all "similar" workers. These externalities are often ignored in the literature, such that the full policy effect is not measured. Here, we measure the effect of WFTC on the wages of all similar workers, regardless of whether they are eligible. The representation of eligible workers differs across both the industry and education groups. According to a survey of employers report, only 15 percent of employers employed WFTC-eligible workers (Coleman et al. (2003) ). There is no difference in outsourcing of payroll services by firms with a higher proportion of WFTC workers; however, WFTC employees are more concentrated in some industries than others (see Tables 1a  and 1b ). To construct a variable that captures the spillover effect, we use the variation in WFTC eligibility across the industry and education groups separately. We calculate the average entitlement to WFTC among workers in each industry and in each education group and then weight it by the fraction of eligible workers. Tables 1a and 1b report the number of eligible workers, the proportion of eligible workers, and the average WFTC in each education and industry group, respectively. From the tables, we see that there is a great deal of variability in these groups, and thus, we would expect the indirect effect of WFTC on the wages of workers to be stronger the larger the fraction (and importance) of this group. The estimate of the spillover effect relies on the assumption that the trend element introduced in the counterfactual wage correctly captures the aggregate evolution of wages. We add time (quarterly) dummies to capture common trends and to adjust the wage for changes in country-level average earnings and general inflation using quarterly indexes. In addition, in Section 7.1, we test for the common trends assumption using a placebo treatment. Any aggregate shifts in wages associated with WFTC should be captured by the spillover variable. Note, however, that the calculation of the direct effect of the WFTC on eligible workers does not rely on this assumption. We later show that there is a good match between the eligible and noneligible workers with similar predicted wages; thus, one can interpret the estimates of the direct effect of WFTC as a matching estimate in which non-eligible workers who are marginally different from eligible workers act as a control group.
5.2
Step one: The predicted "counterfactual" wage Correctly estimating the predicted "counterfactual" wage is key to the rest of our analysis. This is the first step in our two-step procedure. We first describe the construction of this variable and then provide evidence for its validity. Note that throughout the period, Family Credit was in operation, such that effects of WFTC are estimated relative to this previous reform.
We estimate the expected counterfactual (log) wage, W c , using a linear regression on the (log) wage before 1999. This is done by controlling for individual, family and job characteristics in the vector, X, where X is a 1 × K vector of conditioning variables. The controls include the following: age, education, region, ethnicity, experience (plus higher orders), tenure (plus higher orders), marital status, number and age of children, firm size, public ownership, occupation type, industry type, and full-time status. The aim of this exercise is to predict the wage as closely as possible to the earned wage without WFTC. 11 The predicted wage,Ŵ c , is given by
There are 39,890 observations for men and 40,121 for women. The R-squared in both cases is approximately 55 percent. Table 2 reports these results for men and women separately.
Validity of the predicted wage
In this section, we address three important assumptions. First, eligible and non-eligible workers with the same predicted wage are comparable. Second, the residual wage is similar for eligible and noneligible workers in the absence of WFTC. Third, while there are some compositional changes over time, 11 Given that there were other policies similar to WFTC in operation prior to the introduction of WFTC, our analysis will give us only the relative change from these policies. As a robustness check, in Section 8, we repeat our analysis on an earlier time period to ensure that the differential effects between eligible and non-eligible workers did not exist. Full-time students, the sick/disabled, or those in government training programs are removed from the sample. A detailed description of all variables can be found in the Online Supplemental Material.
there are no important differences between eligible and noneligible workers after WFTC is introduced. 12 Using the main observable characteristics, we check whether eligible and noneligible workers who have the same predicted wage are similar outside the variables that determine eligibility. In Tables 3a and 3b , we compare the observable characteristics of matched eligible and noneligible workers before the introduction of WFTC, where the match is based on the predicted wage,Ŵ c . We make this comparison at different percentiles ofŴ c , with the objective of showing that when eligible and noneligible workers have the same predicted wage, they are observably similar. We do this separately for men and women. Table 3a shows that for women, as we would expect, there are differences in the variables that determine eligibility (hours of work and number of children). However, in the other demographic variables, the groups are very similar. 13 We capture a majority of our eligible sample in the bottom 40 percent of the distribution. 14 In Table 3b , for men, we see similar patterns. Here, we capture most of our sample in the bottom 30 percent of the distribution.
We estimate the residual wage difference of the predicted wage from the actual wage separately for eligible and noneligible workers before the introduction of WFTC. We then compare the distribution of the residuals. From Figures A.6a and A.6b, we see that for both men and women, the patterns are very close. These figures highlight the comparability of the groups. As a further robustness check, we perform a placebo treatment of the same nature. We predict the counterfactual wage using one year pre-WFTC (1997) and then estimate the residuals for another pre-WFTC year (1998). Here, again, we find that distributions for eligible and noneligible workers are comparable and are similar to those presented in Figures A.6a and A. 6b.
An important concern would be if the composition of the eligible versus non-eligible group changes as a response to the introduction of WFTC. We show that the relative rates of return, α, on the vector X remain the same in the post-WFTC period. This is not to 12 We estimate the wage model on the preperiod using employed workers only and then predict counterfactual wages on the post-period for employed workers, which would include those who were not working before. The implicit assumption is, therefore that, had nonworkers in the preperiod worked, their salary would be close to other employed workers with similar observable characteristics. Azmat (2014) showed that there are no significant effects of the policy on the inactivity-activity margin and only very modest effects on the employment-unemployment margin. Moreover, given that the minimum wage is binding for the lowest paid workers, and that the policy mostly affects low pay workers, there should be common bounds for the wages of employed workers and the counterfactual for nonworkers. 13 In Figures A.4 and A.5, we plot the distributions of the continuous characteristics for eligible and noneligible group, matched by predicted wages, for men and women, respectively. We see that, with the exception of age, the matching is satisfactory. The issue with respect to age relates to the presence of children. While the eligible group, by construction, have children aged 16 or under, the noneligible group may not have children or have children who are older than 16. For this reason, the distribution is skewed further to the right for the noneligible group. We plot the age distribution conditioned on the presence of children under the age of 16 and find that the match is satisfactory. As a robustness check, we restrict the analysis to those with children under the age of 16 and find that the main results are unchanged. These results are reported in Table A .4. 14 When we look at the rest of the distribution, the eligible and noneligible workers continue to be similar in their observable characteristics, but there are fewer observations. See Table 3a for a description of the variables.
say that the rates of return are unchanged throughout but that any change in the rates of return are similar for both eligible and noneligible workers with the same predicted wage. Below we discuss and show that the analysis does not suffer from these selection issues. First, the Quarterly Labour Force Survey dataset used has a detailed education variable (which proxies for skill), so we do not have the issue of selection on observables. It can be seen from the descriptive statistics in Table 4 that the proportion of people with no education who are eligible for the tax credit does not increase relative to the noneligible group after 1999.
Second, in the case of WFTC, there is evidence to suggest that its overall impact on employment and hours of work are small (and, in turn, have a small impact on the compositional change of workers). This too can be seen from Table 4 , where hours worked does not change relative to the noneligible group after the policy introduction. A number of papers have studied the labor supply effect of WFTC on single parents (see Brewer and Browne (2006) and Brewer et al. (2009) for a review of studies). For single parents, mostly focused on single mothers, using different data and different methodologies, these papers find that employment increased between 0 6 and 5 percentage points. 15 Note: Data from the UK Quarterly Labour Force Survey. The Before period is for 1997-1998, and the After period is for 2000-2001. Here, we see the means and standard deviations in brackets for each group. The sample includes individuals aged 21-60. Full-time students, the sick/disabled, or those in government training programs are removed from the sample. Small Firms is the percentage of workers working in firms with fewer than 25 workers. Medium Firms is the proportion of workers working in firms with 25 to 49 workers. Large Firms is the proportion of workers working in firms with more than 50 workers. See the notes for Table 3a for a description of all other variables.
15 Blundell et al. (2000) developed a structural model of labor supply identified from past tax and welfare reforms, which they then used to simulate the effect of WFTC. Their model showed that WFTC would lead to a 2 2 percentage point increase in single parents' employment. reported results from an updated version of this model, incorporating evidence over the period WFTC was introduced, and found that single mothers' employment rose by 3 7 percentage points. Francesconi and van der Klaauw On the intensive margin, Blundell et al. (2005) showed there was an increase in average hours among single mothers who remained in employment. Moreover, Gregg, Harkness, and Smith (2009) showed there was an increase in hours among single mothers working fewer than 16 hours before the reform by approximately 3 hours, and there was a reduction in hours among those working more than 16 hours before the reform by 1 7 hours. For married couples, overall, studies show either no or small (negative or positive) effects of WFTC on the intensive and extensive margin. Francesconi, Rainer, and van der Klaauw (2009) found no statistically significant labor supply effect for married women overall and if their partners worked full-time but around 3 percentage point effect if their partner did not work or worked less than 16 hours. They find no measurable effect on the labor supply of married men, irrespective of their partner's employment status. 16 The small employment change is an important distinction between the WFTC and the US Earned Income Tax Credit, which Blundell and Hoynes (2004) discussed in detail. In the analysis that follows, we look separately at men and women and, for each, at the effect on the sub-samples of married and single parents.
Finally, the minimum wage in the UK, introduced in April 1999, imposes a lower bound below which the employer cannot cut the gross wage. This suggests that an influx of lower-skilled workers will not impact the wage as severely as it would have without a minimum wage. The minimum wage is a ceiling below which the employer cannot cut the wage. In our analysis, we use the minimum wage as a point of censor when measuring the policy effectiveness.
Stage two: Estimating the wage change
Using the counterfactual wage estimated in the previous section, we now estimate the wage change resulting from the introduction of WFTC. In this section, we describe the estimation strategy used.
We estimate
whereŴ c is the predicted wage, which has been corrected for changes in average earnings and general inflation using quarterly indexes, t. We bootstrap with 200 replications (2007) estimated the impact of the whole package of the 1997 Labour Government reform by employing a difference-in-difference approach, comparing employment of single mothers with that of single women with no children, and show that single mothers' employment rose by 5 percentage points. Using an equilibrium job search model, Shephard (2017) took an integrated view of the tax system to analyze the labor market impact of tax reform. He too finds around a 5 percentage point increase in single parents' employment. Leigh (2007) also compared eligible single women with and without children over the short term before and after the introduction of WFTC and found an (insignificant) employment effect of 0 6 percentage points. Gregg, Harkness, and Smith (2009) also employed a difference-in-difference approach and compared single mothers (parents) with different comparison groups and found that employment increases between 3 8 and 5 2 percent. 16 In line with what is common in this literature, throughout the article, the terms "marriage," "couples,"
"married couples," and "marital unions" are used in a broad sense to include all types of live-in partnerships, such as cohabitations, stepfamilies, and blended families.
when constructing the counterfactual wage and when estimating the wage change. All variables are as described in equation (1) in Section 5.1. To take into account the distortion in wages brought about by the introduction of the minimum wage in the UK, we use a censored regression model. In 1999, the minimum wage was set at £3 60 for adults aged 22 or older and £3 00 for those aged 18 to 21. 17 For those with a binding minimum wage, there exists a gap between the actual and predicted wages. 18 For those who are unaffected by the minimum wage (i.e., those who were previously earning above the national minimum), no gap exists between the actual and predicted wages.
We adjust the econometric specification to take into account the left-censoring that is generated by the minimum wage. A model that is directly relevant here is the censored least absolute deviation (LAD) (Powell (1984) ). 19 This is a nonparametric specification that has the advantage over parametric methods, such as a censored Tobit, that the consistency of the estimator does not require knowledge of the distribution of the error term u i ; nor is it assumed that the distribution is homoscedastic, only that it has median zero. In turn, it is robust to nonnormality of the error terms, and it is robust to heteroskedasticity (which is common in most cross-sectional datasets). Powell (1984) shows that the median function is equal to the function maximum, such that:
where q 50 denotes the median of the distribution conditional on covariates and the median distribution of u i is assumed to be zero. w min is the national minimum wage and
TC}. The objective of the censored LAD is to consistently estimate the vector of β by the parameter vector that minimizes:
In the analysis that follows, we use this specification as well as standard ordinary least squares. for workers aged over 21 (aged 18-21). We account for these increases in our analysis.
18 Before the introduction of the minimum wage, approximately 3 percent of men and 12 percent of women reported an hourly wage at or below the minimum wage. Among the WFTC eligible, this was higher (5 percent of men and 17 percent of women). 19 An alternative (parametric) specification is the Tobit model. However, it imposes more assumptions on the distribution of the error term. In previous versions of the paper, we estimate equation (3) also using the Tobit and find that the results are similar to those of OLS and CLAD. In Table A .2 of the Online Supplemental Material, we present the regression-based analysis using Tobit for men and women, respectively.
Results
In this section, we start with a graphical representation of our main results. We then present the regression-based analysis using OLS and the censored LAD on log wages for men and women, respectively. The latter estimation adjusts the econometric specification (3) to take into account the left-censoring generated by the minimum wage. In addition, we look separately at the results for single men, married (or cohabiting) men, single women and married (or cohabiting) women.
The regression results in Tables 5 and 6 estimate the equations in Section 5.3. We report the marginal effects of WFTC and the spillover effect on the actual (log) wage between 2000 and 2003.
Graphical representation
We start by showing a simple graphical analysis that illustrates the identification strategy. The graphs are a simple representation of the regression-based analysis; however, they summarize well some of the key results of the policy impact.
In Figures 2a and 3a , we show the densities of the log difference between actual and predicted wages for WFTC-eligible workers and "similar" noneligible workers. These similar workers are the noneligible workers in industries and education groups with a Note: The coefficients and standard errors (in parenthesis) are reported. * * * represents significance at the 1% level, * * represents significance at the 5% level, and * represents significance at the 10% level. Standard errors are bootstrapped with 200 replications. We include a full set of time dummies (each quarter of each year) in all the regressions. The regression is based on equation (3), where Predicted wage (Ŵ c ) is the predicted wage, which has been corrected for changes in average earnings and general inflation using quarterly indexes, t. WFTC (TC d ), calculated as the weekly WFTC divided by households' weekly (predicted) income, measures the direct effect of WFTC on eligible workers. FC Generosity ( TC ) is the change in households' entitlement from Family Credit to WFTC divided by households' weekly (predicted) income. Spillover (TC s ) is the average WFTC (weighted by the fraction of eligible) in each industry group (Industry) and education group (Education), respectively. high density of eligible workers, respectively. We observe that the wage distribution of the treated workers is to the left of the wage distribution observed for the noneligible workers. This shows that the policy had an effect and that this effect was negative, re- sulting in lower than predicted wages after the policy was implemented compared with the noneligible workers. Moreover, we see that the treatment affects all parts of the distribution. The results are unchanged when we look at the different groups.
Given the possibility of a treatment spillover onto the noneligible similar workers, we further compare these workers with an alternative group that has a low eligibility probability. The differences between these two groups illustrate the existence of spillover effects to workers who are noneligible but have similar characteristics to those eligible. From Figures 2b and 3b , we see that while the spillover effect is less striking than the direct effect, when using the industry-group variation, the wage distribution of the eligible-similar workers is to the left of the wage distribution observed for the noneligible-less similar workers.
In Figures 4a, 4b , 5a, and 5b, we replicate the above analysis for women. Interestingly, we see that while the direct effects are small, the spillover effects are more notable. In particular, from Figure 5b , we see that while there is a negative effect on the top half of the distribution, there is a positive effect on the bottom half. This may be a consequence of the minimum wage, which binds for the bottom of the distribution.
In the analysis that follows, we will quantify these results and test their robustness.
Regression analysis
The regressions are first performed for men, with the output displayed in Table 5 . The results are shown for the OLS and the CLAD estimation. 20 Columns (1) and (2) show the 20 The number of observations is very slightly lower for CLAD because the estimation technique used for the CLAD estimator is an iterative linear programming algorithm for which observations are dropped if the predicted value is less than the censoring value when the left tail of the distribution is censored, or they are dropped if the predicted value is greater than the censoring value when the right tail of the distribution is censored.
Quantitative Economics 10 (2019) results for all men for the OLS and the CLAD estimation, respectively. Columns (3) to (6) show the results separately for single and married men for each estimation strategy, respectively. As an alternative specification, we report the main results using a WFTC eligibility variable instead of the tax credit amount. The results, shown in Table A .3, are similar to those shown for men and women in Tables 5 and 6 . Although this is a more straightforward approach to computing the tax credit amounts (i.e., closer to the more standard approach of using eligible or not), the coefficient on eligibility may also capture the intensive margin (generosity). Using the continuous measure allows us to include a measure that take into account the tax credit amount change from Family Credit and WFTC. From Columns (1) and (2) of Table 5 , three striking results emerge from the analysis of men. The first is that a WFTC-eligible worker has a decline in his gross wage relative to a similarly skilled noneligible worker who has the same predicted wage. The coefficients are larger in the censored specification than in the linear specification (0 278 versus 0 143). From column (2), we see that as the rate of WFTC increases for the eligible worker, the gross wage falls relative to that of a similarly skilled noneligible worker. Calculated at the average WFTC rate, which is 0 24, this is equivalent to a decrease in gross wages of approximately 7 percent. When we evaluate this at the average weekly wage of £216 and the average weekly WFTC of £45, this implies that there is a 30 percent shift in incidence from the eligible worker to the employer.
The second important result is that there is a strong and negative spillover effect on noneligible workers when we look by industry and by education group. The results from both specifications are similar and imply that for every pound of the tax credit, there is a negative spillover of WFTC on the wages of noneligible workers in a given education group. From column (2), the coefficients of 0 29 implies that, when evaluated at the average fraction of WFTC workers in an education group, wages of noneligible workers decrease by 1 7 percent while the fraction of men eligible for WFTC increases by one percent in an education group. Similarly, when looking at spillovers within given industry groups, we find that wages fall for all workers. Evaluated at the average fraction of WFTC workers in an industry, wages for all similar workers decrease by 0 9 percent. This is of critical policy importance, as we can no longer assume that a partial analysis of the tax credit is sufficient when trying to understand all the consequences of the policy. Studies of the effect of taxes and benefits on other groups often ignore this group. Moreover, because the spillover affects the wages of eligible workers as well, this is equivalent to an 8 percent shift in tax credit incidence to the employer, over and above the shift from the direct effect.
Finally, a change in tax credit generosity from Family Credit to WFTC does not have a significant effect. This is the case for both specifications (columns (1) and (2)). 21 This implies that the effect on gross wages is a result of the change in payment method (i.e., payment through the employer). This is important to our understanding of the mechanism through which the incidence of the tax credit can be shared. The result implies that even in the absence of an increase in the tax credit, increased salience of the tax credit to the employer can lead to a shift in the incidence of the tax credit. When looking separately at single and married men in columns (3) to (6) in Table 5 , we find similar patterns across the groups and specifications. The results, however, become less precise when we look at single men, which likely reflects the small number of single fathers claiming WFTC. The distinction by marital status is more relevant when looking at women because the proportion of single mothers is relatively larger than that of single fathers.
As noted earlier, it is traditional to focus on women when looking at the participation effects of tax credits. However, when looking at wage changes, the reasoning for this is less obvious because men are at least as, if not more, likely to claim the tax credit through their employer. In particular, in a coupled household, because the male partner is more likely to be the household member in the labor force, he is also more likely to be the claimant. The results in Table 6 , which present the results for women, offer interesting insights and confirm this hypothesis. Table 6 presents the results for women from the OLS and CLAD estimation. From columns (1) and (2), we see that the direct effect is small and positive when using the linear specification but is close to zero (and insignificant) when we take into account the left-censoring that is generated by the minimum wage (column 2). Moreover, from columns (3) to (6), when separating by marital status, the results suggest that the direct effect of WFTC is negative only for single mothers and positive for married women. However, these results are not very stable across the different specifications. One explanation for why the direct effect is stronger for men than for women may be that women have a lower average wage than men and work, on average, fewer hours, so the potential incidences from WFTC are smaller. Alternatively, it may be that women are more likely to be "protected" from a wage (growth) cut because of the minimum-wage barrier.
We do, however, find that for women there is a strong and negative spillover effect by both industry and education groups. This result implies that as the fraction of eligible women increases in the workplace, there is a larger wage drop for everyone in the same skill group (i.e., those with the same predicted wage). This is consistent with the idea that the shift in the burden of the tax credit increases with the fraction of eligible workers. When comparing the results from the different estimation techniques, the results remain consistent, but the order of magnitude of the coefficients changes. From column (2), the education (industry) spillover coefficient of 3 (9) percent implies that, when evaluated at the average fraction of WFTC workers in an education (industry) group, wages of non-eligible workers fall by 0 4 percent (1 0 percent) while the fraction of women eligible for WFTC increases by 1 percent in an education (industry) group.
We check how sensitive the results are to alternative measures of hours worked, to removing the proxy respondents, to removing those who report a wage below or at the national minimum after its introduction, to restrict the analysis to those for whom the change in generosity from Family Credit to WFTC was small, and to restricting the counterfactual group to those with children of school age. These results are summarized in Table A .4 and described below.
Although eligibility is based on discrete hours cut-offs, as a robustness check, we use actual hours worked (a continuous measure). In Table A .4, columns (1) and (2), we show that if we predict wages using hours worked, the results for are similar for men and women: the (negative) direct effect is stronger but still much smaller in magnitude than for men and is only marginally significant. Second, we might be concerned that proxy respondents for eligible workers are more (or less) likely to misreport wages than for similar noneligible workers. We exclude proxy respondents from the analysis, and from columns (3) and (4) of Table A .4, we find that the main results hold. For both men and women, the coefficients remain mostly unchanged, suggesting that the results are not driven by differentials in the response by proxy respondents. To address another potential issue of misreporting, we investigate the effect of reporting below the national minimum wage after its introduction on the main results. After the introduction of the national minimum wage, 1 percent of men and 3 percent of women in the sample report a wage below the national minimum. From columns (5) and (6), we see that when we exclude these workers, as well as those who report a wage at the national minimum, from the sample, the results do not change with respect to the baseline results. In columns (7) and (8), we report the results for those who were previously eligible for Family Credit, which was paid directly to them, and are now eligible for WFTC, but for whom the change in the amount they receive is small (i.e., less than £10 extra per week). We find that there is still a negative effect on wages, further suggesting that the method of payment is important. Finally, we restrict the analysis to workers with children under the age of 16. By construction, those receiving WFTC have children, however, among the control group, some may not have children or have children over the age of 16. From columns (9) and (10), we see that our results are robust within this subsample of workers.
Extensions and robustness
In this section, we conduct some robustness checks and broaden our analysis to investigate some interesting questions. First, we conduct a falsification test using our two-stage estimation on prepolicy years. Second, we consider whether the size of the firm has any impact on the share in incidence between workers and firms.
Test of the common trends assumption
The identification strategy we use relies on a common trend assumption. The β 1 in equation (3) is flexible, such that it adjusts to pick-up parallel changes in common trends. However, here we provide further evidence through a falsification test that the common trend assumption holds in a sample period before WFTC. To ensure that the observed differential effects on wages between eligible and ineligible workers did not exist prior to the introduction of WFTC, we replicate our analysis by performing placebo estimation on data before 1997. 22 Policies to help families with children have been used in the UK since the 1970s. In particular, given that WFTC's predecessor was similar to WFTC, we can only measure relative changes from the previous policies and not the absolute effect of tax credit policies.
Using data from 1994 to 1995, inclusive, to perform the first stage of our analysis and data from 1996 to 1997, inclusive, for the second stage, we report our results in Table 7. It can be seen that during this period there was no differential effect. Additionally, to account for potential local labor market differences and the geographic variability in (1994) (1995) (1996) (1997) . The coefficients and standard errors (in parenthesis) are reported. * * * represents significance at the 1% level, * * represents significance at the 5% level, and * represents significance at the 10% level. Standard errors are bootstrapped with 200 replications. We include a full set of time dummies (each quarter of each year) in all the regressions. For definitions of variables, see Table 5. productivity over time, we interact region with industry when constructing the counterfactual wage. The results are presented in columns (1) and (2) Table A.5 for men and women, respectively. Similarly in columns (3) and (4) of Table A .5, we interact industry with trends when constructing the counterfactual wage. This should allow for a differential growth by industry and also for differential industry inflation rates. While the main result holds, the (industry) spillover effect increases slightly.
Policy anticipation effect
The introduction of the Working Families' Tax Credit was announced in March 1998 before its actual introduction in October 1999. Although not all the features were publicized, the government announced that this tax credit would replace Family Credit. Francesconi and van der Klaauw (2007) , and in a more recent paper, Blundell, Francesconi, and Van der Klaauw (2011) , argued that the anticipation effects of WFTC are important in the labor market and other behavioral responses. As a robustness check, we adjust the analysis to take into account that employers and workers may have adjusted their behaviors before the actual introduction of WFTC. We do this by excluding from the analysis the period between the announcement and the implementation. From Table 8 , it can be seen that the main findings remain largely unchanged. Note: The coefficients and standard errors (in parenthesis) are reported. * * * represents significance at the 1% level, * * represents significance at the 5% level, and * represents significance at the 10% level. Standard errors are bootstrapped with 200 replications. We include a full set of time dummies (each quarter of each year) in all the regressions. For definitions of variables, see Table 5 .
Firm size
There is a large body of literature relating the size of the firm to the wage level in that firm. Brown and Medoff (1989) concluded that one of the main reasons wages are higher in larger firms is that they hire better-quality workers. In a competitive model, we would expect the hourly wages to be the same for similar workers. In it quite likely that in larger firms, there will be multiple workers with the same job-title. By applying the methodology used in Section 5, we compare: (1) small-sized firms (employing 1-19 workers); (2) medium-sized firms (20-49 workers); and (3) large-sized firms (more than 50 workers).
We replicate our earlier analysis for each firm-size category and report the results in Table 9 . We find that as the size of the firm increases, the degree of "spillover" by industry also increases. This seems quite reasonable, given that larger firms have more uniformity in wage contracts across workers (i.e., workers performing identical jobs and receiving the same hourly wage). Here, it would be more difficult for the employer to cut the gross wage of only those eligible for WFTC and to leave the wage of the noneligible workers unchanged.
Conclusion
The results presented in this paper show that when tax credits in the UK were paid directly through the employer rather than as a welfare benefit, there was a significant shift in the burden of tax credits. Firms adjusted wages downwards after observing directly the tax credits paid to workers. In equilibrium, the average wage of similar workers that Note: The coefficients and standard errors (in parenthesis) are reported. * * * represents significance at the 1% level, * * represents significance at the 5% level, and * represents significance at the 10% level. Standard errors are bootstrapped with 200 replications. Small are firms with fewer than 25 workers. Medium are firms with 25 to 49 workers. Large are firms with more than 50 workers. We include a full set of time dummies (each quarter of each year) in all the regressions. For definitions of variables, see Table 5. did not receive WFTC also adjusted downwards. The change in the visibility to the employer, and not the change in the amount of additional tax credit, explains this shift, and suggests that the individual wage bargaining between the firm and each given employee plays a role in tax incidence. This is the first paper to investigate the effects of the change in salience from the viewpoint of the employer (donor) rather than from that of the employee (recipient).
Another key finding in the paper is that the introduction of WFTC implied a (negative) spillover onto the wages of similarly skilled noneligible workers. This is of critical policy importance, as we can no longer assume that a partial analysis of the tax credit is sufficient when trying to understand all the consequences of the policy. Studies of the effect of taxes and benefits on other groups often ignore this group.
The UK government spent a great deal on this policy relative to previous policies, with the aim to "make-work-pay." By paying recipients through their employers rather than directly, they intended to reduce the stigma attached to receiving tax credits in the form of a welfare benefit. The literature has shown that WFTC increased the labor supply among single mothers by as much as 5 percent, with no labor supply effect on other groups, only an increased household income. While the success of the policy can be measured in these terms, one needs to measure its benefits in their entirety by incorporating the costs associated with the wage changes. This is important not only for tax credits such as the WFTC but also for other taxes and benefits that are visible and/or can be extracted by another group in the economy.
